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THE BOLE OF FACTOR MUTATIONS IN 
EVOLUTION 

ERNEST B. BABCOCK 
Professor of Genetics, University of California 

The essential features of the mutation theory of evolu- 
tion, as proposed by de Vries in 1901, are discontinuity 
and heritability of those variations which make evolution 
possible. New forms arise from preexisting forms by 
saltation ; they occur in all directions ; they are heritable ; 
some of them are advantageous to the species and these 
are preserved by natural selection. Tbese features are 
still recognized as the definitive elements of the mutation 
theory, but biologists are gradually changing their point 
of view concerning the real nature of mutations them- 
selves. De Vries had worked with entire plants as units. 
He was searching for evidence of species in the making. 
He believed he had found this evidence when he discov- 
ered his new evening primroses at Hilversum and found 
that they transmitted their divergent characters to their 
progeny. The evidence appeared none the less clear to 
him, even though the parent species when tested did not 
always breed true, but continued to produce not only the 
forms first discovered, but also new ones which did not 
exist in the original population. 

It is not my purpose to discuss the Oenothera data which 
have accumulated in such enormous bulk in recent years. 
Groodspeed and Clausen, in their papers on species hybrids 
and the reaction-system concept of Mendelian heredity, 
have provided a strong argument for attributing many 
of the so-called mutations among the evening primroses 
to antecedent hybridization between distinct species. 
These authors have shown that "the occurrence of the 
'mutants' (in Oenothera) and their subsequent behavior 
in hybridization admit of logical arrangement and inter- 
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pretation without any necessity for assumption of exten- 
sive germinal changes." On the other hand, Muller's re- 
cent investigation of balanced lethal factors in Drosophila 
led him to conclude "that some (if not most) of the so- 
called mutations in 0. lamarcMana are hut the emergence 
into a state of homozygosis, through crossing over, of 
recessive factors constantly present in the heterozygous 
stock." If this is correct and these recessive characters 
arose as factor mutations, it is obvious that, in basing his 
theory of speciation by mutation on the evidence from 
Oenothera, de Vries builded better than he knew ! 

During the decade following de Vries 's announcement 
of his theory biological interest shifted from the general 
problem of evolution to the more specific problem of 
heredity. The rediscovery of Mendel's law at once 
focused attention upon the inheritance of particular char- 
acters. Then began the era of experimental evolution in 
which, under the leadership of Morgan, most remarkable 
progress has already been made. The traditional prob- 
lem of heredity, its mechanism, has been solved. "We 
know, not only that the ultimate hereditary units are 
germinal, but also that they are located in that particu- 
lar portion of the g'erm cell called the chromatin, and there 
is an ever-growing body of evidence proving that each 
hereditary unit occupies a particular locus in a particular 
chromosome. These hereditary units have been desig- 
nated by various terms, but are most commonly referred 
to as genes, genetic factors, unit factors or simply factors. 

The germ plasm has come to be recognized as an ex- 
ceedingly complex stereochemic system, and, as Reichert 
has pointed out, on account of the impressionability and 
plasticity of such a system the germ plasm must be ex- 
ceedingly sensitive to changes in internal and external 
conditions. That factors, however, are relatively stable 
entities is being clearly evidenced all the time. But occa- 
sionally they undergo definite alteration, doubtless as the 
natural result of some new or peculiar set of internal con- 
ditions. These alterations in genetic factors, or factor 
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mutations we shall call them, have been most thoroughly 
investigated in the common fruit fly, Drosophila ampelo- 
phila, in which species Morgan and others have discov- 
ered over 150 factor mutations, each of which is inherited 
in strict conformity with Mendel's laws, when tested in 
contrast with its normal mate as it exists in the wild 
type. This has become the classical evidence for the 
theory of factor mutations. Furthermore, it is now com- 
mon practise to refer all Mendelizing characters to their 
hypothetical representatives in the germ cell, the genes 
or factors; and we speak of a pair of contrasted charac- 
ters which are inherited according to Mendel's rule for 
the monohybrid as due to a single factor difference. 

It is well known that Mendelizing characters exist gen- 
erally throughout all groups of sexually reproduced or- 
ganisms. Therefore it appears that factor mutations are 
of general occurrence. The data on factor differences will 
undoubtedly continue to increase in volume, and as they do 
our knowledge concerning the relative frequency of fac- 
tor mutations will become more precise. In general Men- 
delian phenomena have been observed mostly in conspicu- 
ous characters, but certain minute character differences, 
such as forked bristles in Drosophila and size and shape 
of starch grains in peas, are inherited in Mendelian 
fashion. Factor mutations, therefore,- are sufficient to 
explain the origin of all differences behveen varieties, and 
doubtless they provide the necessary point of departure 
in the origin of new races. If the new characters thus 
produced are beneficial or advantageous, then natural 
selection will cause them to be preserved. Sumner has 
recently discovered a number of interesting mutations in 
deer-mice (some as yet unpublished) and has shown that 
isolation may assist in differentiating local races. The 
writer is not unmindful of the earlier discussions of Wag- 
ner and others, and later of Jordan and others, on isola- 
tion as a cause of evolution. Many biologists are still 
inclined to think of geographical differences as the deter- 
minative condition in the production of new species. For 
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example, Harrison has discovered that certain species of 
moths, which are natives of different continents, but which 
resemble each other so closely morphologically as to be 
sometimes indistinguishable, exhibit extreme physiolog- 
ical differences. These physiological divergencies were 
indicated by the failure of hybridization between these 
species to produce offspring which were viable, or, if 
viable, which were fertile. Harrison concludes that geo- 
graphical differences play a very important part in the 
production and accentuation of such physiological diver- 
gencies. 

The role of the environment in the production of factor 
mutations is still an unsolved problem. As Caullery 
points out, the role of external factors in the production 
of mutations, is no longer very clearly or directly appar- 
ent. It even appears that factor mutations occur in "all 
directions" quite independently of those elements of the 
environmental complex which are outside the organism. 
This does not mean that factor mutations are not caused. 
Like any other natural event, they must be dependent upon 
or conditioned by certain antecedent events, and, a priori, 
there is no reason why such antecedent events should 
not occur outside the organism. In other words, it is 
reasonable to suppose that specific elements of the ex- 
ternal environment might induce permanent alterations 
in genetic factors. 'But, as yet, such a specific relation 
between the external environment and factor mutations 
can not be said to have been determined beyond reason- 
able doubt. On the other hand, migration, isolation and 
geographical differences along with other elements of the 
environment play an important role in the selection of mu- 
tations, and must, therefore, be recognized as of funda- 
mental importance in organic evolution. It is conceiv- 
able, indeed, that, given the occurrence of factor mutations, 
the continuous impingement of some definite element in 
the environmental complex during long periods of time 
might condition a definite orthogenetic trend in phytogeny, 
as in the evolution of the elephant and the horse. But 
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may we safely assume the occurrence of the necessary 
factor mutations? The fact that such mutations are 
known in many species and that in Drosophila the same 
mutations have arisen anew in the same loci of homol- 
ogous chromosomes of different pure strains would cer- 
tainly indicate that we may. A factor mutation probably 
involves some sort of change within the group of similar 
molecules occupying a particular locus in a particular 
chromosome. Obviously the number and direction of the 
changes possible in such an entity are limited and the sum 
of the limits of change in all the loci in the chromosome 
group of a given species would define the limits of factor 
mutations for that species. The limits and direction of 
these mutations must have some bearing and may have 
intimate bearing upon orthogenetic trend. 

Factor mutations produce new morphological and 
physiological characters such as distinguish the forms, 
races or varieties of existing species. As they occur 
generally in animals and plants at the present time, we 
may safely assume that they have occurred in preexisting 
organisms more or less frequently, and, therefore, that 
they have played a definite role in evolution. But just 
how extensive is this role? Can we account for the whole 
process of organic evolution including the origin not 
only of species, but also of genera, families, orders and 
phyla upon the basis of factor mutations? To be worthy 
of serious consideration a theory of evolution must ac- 
count for the development of the organic world as we 
know it at present. Can the hypothesis of evolution 
through factor mutations fulfil this requirement? 

It is well known that in many genera some of the species 
differ in their chromosome number. Do factors play a 
role in determining* chromosome number? It is possible 
that they do. It is conceivable that a factor mutation 
might arise which would so alter the physico-chemical re- 
lations between different parts of the chromosome as to 
cause the chromosome to break at some point. Yet 
chromosomes are genetic units of a higher order than 
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factors, each chromosome containing many factors and in 
general behaving as a continuous entity. Grlaser has re- 
cently suggested that while the chemical forces determin- 
ing the specific structure of individual molecules may be 
precisely analogous to those which account for the nature 
of the hexose molecule, for example, yet aggregation into 
linear series in the case of the chromosomes very likely 
involves elements not strictly molecular. It seems to be 
necessary, therefore, to postulate some process by which 
these major entities become altered in number or recom- 
bined in entirely new systems. We are dealing here 
with phenomena of a different sort for factor mutations, 
and the latter appear, therefore, to be of slight signifi- 
cance in the origin of species having unlike chromosome 
numbers. Alterations in chromosome number may be 
brought about either by the unique or irregular behavior 
of one or more members of a chromosome group or by 
hybridization between species. Natural hybrids between 
distinct species of plants are of not infrequent occur- 
rence and, according to Lotsy, species hybrids are known 
in the following groups of animals: Echinodermata, 
Vermes, Arthropoda, especially the insects, Mollusca, Am- 
phibia, Aves in which even generic hybrids are known, 
and among mammals where there are several well-known 
cases of fertile hybrids. As for unique chromosome be- 
havior, several different types have been discovered and 
are known to occur occasionally. Those which contribute 
directly to chromosome group evolution are: (a) non-dis- 
junction of homologous chromosomes in the heterotypic 
or true reduction division, preceding gamete formation; 
(5) failure or retardation of the reduction division, re- 
sulting in chromosome groups of three, four or more 
times the haploid number of the parent species; (c) frag- 
mentation or loss of one or more chromosomes, resulting 
in gross changes in the germinal reaction system and 
hence potentially in new species. The occurrence of the 
last type has not been proved, but, from his cytological 
investigations of several species of Drosophila, Metz in- 
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fers that within this group of species there has been a 
definite evolution of chromosome groups. 

The known methods of species formation, therefore, 
may be described as follows: (1) Factor mutations, caus- 
ing more or less extensive heritable somatic changes, some 
of which are adapted to the environment and persist. 
These, under the influence of natural selection, provide 
the means for gradual differentiation of groups having 
the same chromosome numbers. Presumably these groups 
would be recognized at successive stages in the process 
as geographical or ecological forms or races, distinct 
varieties and, ultimately, related species. (2) Chromo- 
some group alterations, which produce new and sometimes 
inconstant forms, but which may also produce true species. 
(3) Species crosses, which are known to give rise to new 
types, some of them constant, but mostly inconstant 
forms, all of which are cryptomeres, potentially capable 
of throwing new combinations of parental characters in- 
definitely. The possibility should also be noted here that 
new constant types, having different numbers of chromo- 
somes from the parent species, might originate as species 
hybrids. 

Factor mutations occasionally produce new dominant 
characters. This fact, now fully established by various 
investigations, is of considerable theoretical significance. 
It has been a common practise during recent years to ex- 
plain the origin of recessive characters as due to verlust 
mutations, i. e., mutations due to the "loss" of factors. 
This conception has been associated with the much used 
though inadequate "presence and absence" hypothesis, 
according to which the only relations which can exist 
with respect to a certain factor depend on its presence or 
absence from the hereditary material. Difficulties are 
met when attempts are made to explain the origin of domi- 
nant mutations in terms of this hypothesis, for in such 
cases it is necessary to assume that a factor has been 
added to the hereditary material. As a result of employ- 
ing the presence and absence hypothesis in genetic nomen- 
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clature we have the conception of evolution, recently sug- 
gested by Bateson and expanded hy 0. B. Davenport, 
which holds that "the foundation of the organic world 
was laid when a tremendously complex, vital molecule, 
capable of splitting up into a vast number of kinds of 
other vital molecules, was evolved," and that the process 
of evolution may be described as the unpacking of this 
"original package" by the process of loss of factors or 
portions of factors. Various lines of evidence indicate 
that changes in species are the result of some process of 
factor changes. But those who adopt a physico-chemical 
conception of factors and factor changes will find it un- 
necessary to imagine the "primordial amoeba" in which 
was laid the foundation of the organic world as possessing 
in some mysteriously generalized condition all the genetic 
factors that comprise the hereditary complex of the genus 
Homo, since it is not by the "loss" or "fractionation" of 
factors that hereditary changes have been wrought. A 
gene does not "drop out" or "split up" into two or more 
—rather a gene or factor is altered so that its reactions 
condition a different somatic end product. It is not by 
loss of factors, but by changes in the composition of fac- 
tors, supplemented by intercrossing, that new races, new 
varieties, and new species having the same chromosome 
number, originate. 

Definite organization of the "hereditary substance par 
excellence," the chromatin, probably occurred in certain 
prototypes of existing organisms, in which the chromatic 
substance was not differentiated from the remainder of the 
cell plasm. The recent papers of Minchin on the evolution 
of the cell and of Troland on the enzyme theory of life 
show that the most probable early course of evolution was 
from that unorganized state typical of the Ohlamydozoa, 
which are supposed to consist of free chromatin material, 
up through advancing degrees of differentiation between 
the specialized hereditary substance and the remainder of 
the protoplast, Between this fairly satisfactory concep- 
tion of the earliest steps in evolution and the ever- 
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strengthening evidence that factor mutations furnish the 
means for evolutionary change within existing species, it 
must be admitted that there is a wide gap which needs to 
be filled. May we not look to future studies on the 
phylogeny of the chromosomes to supply this need in some 
measure? I venture to suggest that more work like that 
of Metz on the chromosome groups of related species will 
prove to be an important source of further light on this 
problem. 

We may now consider the role of factor mutations in 
more detail. It is certain that even those species having 
the same chromosome number differ as a rule in many 
unit factors. Hence in order to explain the origin of one 
from 1 the other it is necessary to assume one of three pos- 
sible methods of procedure. 

1. There may have been one or more factor mutations 
having manifold somatic effects. That profound somatic 
differences such as would distinguish species from one an- 
other are sometimes produced by single factor mutations 
is proved by the results of the crosses between the oak- 
like walnut and its parent, the California black walnut, 
which I have described in earlier papers. The mutant 
form, unlike most so-called monophyllous varieties, differs 
from its parent in every gross external feature, yet it 
behaves as a simple recessive in ¥ 1 and F 2 . However, 
factor mutations which induce such extensive somatic 
changes seem to be exceedingly rare. 

2. There may have been simultaneous mutations in sev- 
eral factors, thus producing full-fledged an individual of a 
new species. Objection to this hypothesis is found in 
the observation that factor mutations always or nearly 
always occur singly, i. e., a single factor mutation in a 
given individual at a given time. This observation is 
mathematically predictable since the probability of the oc- 
currence of two factor mutations in the same individual 
at the same time, according to the principle of least 
squares, would be the inverse ratio of the square of the 
number of typical (unchanged) individuals in the popu- 
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lation. Thus, fox* example, if one factor mutation occurs 
in one individual among say 1,000, then the probability 
of two factor mutations occurring in the same individual 
at the same time would be once in 1,000,000 times. More- 
over, individuals showing even one factor mutation are 
comparatively rare. Hence, it appears extremely doubt- 
ful that any species have arisen through simultaneous 
factor mutations in single individuals. 

.3. Single factor mutations may have occurred in dif- 
ferent individuals within a group either simultaneously 
or successively. This hypothesis implies that individuals 
possessing certain mutant characters are capable of main- 
taining themselves in the wild state, an assumption which 
is justified by the fact that factor mutations are known 
which have not impaired vitality and fertility, nor re- 
duced the general adaptability of the organism. Further 
evidence to support this hypothesis is found in the wide- 
spread existence of composite species. Although these 
heterogeneous groups have been classified as species, they 
are, really aggregates of numerous distinct varieties or 
subspecies. Indeed, their Mendelian behavior indicates 
that many advantageous physiological characters, such 
as earliness or lateness of maturity, resistance to disease, 
high fecundity or possession of a certain pigment, origi- 
nate through factor mutations. Such mutations fre- 
quently, though not necessarily, involve morphological 
changes also. In all except strictly autogenous (self-fer- 
tilized) species new combinations of mutant characters 
would occur through intercrossing, thus increasing the 
chances of beneficial or advantageous results to the 
species. Populations of such species consist of indi- 
viduals of heterogeneous germinal constitution, and fre- 
quently disadvantageous or even lethal factor mutations 
persist in heterozygous condition, but soon make their 
presence manifest when inbreeding or self-fertilization is 
practised. Autogenous species, on the other hand, are 
composed of individuals of homogeneous germinal con- 
stitution (pure lines) which have arisen through the re- 
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currence of factor mutations. When in a certain germ 
cell of such an individual a mutation occurs which will 
produce a detrimental or lethal effect, the offspring will 
either die or fail to reproduce as the case may he. Hence 
pure lines possess no lethal or highly detrimental factors ; 
yet these biotypes may vary between wide limits in their 
morphological and physiological characters. 

There is no necessity whatever for the simultaneous 
appearance of mutations in order to establish new forms. 
Only three conditions are necessary in this method of 
evolution : the existence of species during long periods of 
time; repeated occurrence of some factor mutations re- 
sulting in new characters advantageous to the species; and 
the transmission of these mutations from generation to 
generation. All these conditions are known to exist. In 
fact, the repeated occurrence of the same mutation in the 
same locus of a particular chromosome has been observed, 
as well as the occurrence of different factor mutations 
producing similar somatic variations. 

Factor mutations, therefore, provide the means for 
gradual evolution within species ; only a few, to be sure, 
out of many factor mutations being preserved, but these 
few being sufficient, with the frequent aid of migration or 
isolation by geographical barriers, to build up new groups 
which can be recognized only as distinct species. But 
these new species, it will be understood, would have the 
same chromosome numbers as the ones from: which they 
arose. We are, therefore, considering here only one of 
several methods by which new species originate. Strictly 
speaking, the only true mutations are factor mutations, 
as they are the only known germinal variations. 

Conclusion 
Factor mutations occur in accordance with the general 
scheme of the mutation theory as formulated by de Vries. 
They arise suddenly, they occur in all directions, they are 
heritable, and some of them are advantageous to the 
species and are preserved by natural selection. When so 
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preserved they give rise to new forms or races, and when 
fostered by man they make possible new horticultural 
varieties of plants or new breeds of animals. It is prob- 
able, as Morgan has shown, that factor mutations alone 
have furnished the necessary germinal changes to make 
possible the evolution of the elephant's trunk and similar 
cases of orthogenetic development which have been dis- 
covered by paleontologists. But factor mutations alone 
are not sufficient, so far as we know, to account for the 
origin of species of different chromosome numbers, much 
less for the appearance of phyla and genera. It is to be 
hoped that light will be shed on these more obscure phases 
of the general problem of organic evolution through a 
combination of taxon-omic, genetic, cytological and physio- 
logical researches. It would seem that the solution must 
involve the expression of relationships between organic 
groups in terms of the morphology and physiology of 
the chromosomes. 
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